SUMMARY
The gltBY locus of E. coli, which codes for the two subunits of pyridine nucleotide dependent glutamate synthase, was used as a probe to detect homologues in genomic DNA of Synechococcus PCC6301, a unicellular cyanobacterium. Nonoverlapping probes from gltB detected a single homologue with extensive homology, however gltY probes do not detect a strong homologue. The possibility that the gltB homologue encodes a ferredoxin-dependent glutamate synthase of the type found in cyanobacteria, algae and plants is discussed.
INTRODUCTION
Glutamate synthase is a key enzyme of nitrogen metabolism. First discovered in bacteria it was subsequently reported in fungi, algae and higher plants [1] . The enzyme catalyzes the second step in ammonia assimilation transferring the amide group of glutamine into the amino group of glutamate. Chromatographic and immunochemical investigations discriminated pyridine nucleotide-(NAD or NADP)-dependent (E.C. 1.4.1.13 and E.C. 1.4.1.14) and ferredoxin-dependent (E.C. 1.4.7.1) forms of the enzyme. The former are found in diverse bacteria, fungi and non-photosynthetic tissues of plants, the latter in cyanobacteria, diverse algae and plants [1] . Molecular characterization of pyridine nucleotide dependent enzymes from bacteria have shown two different subunits of approximately 150 and 60 kDa [2] . Molecular characterization of various higher plant ferredoxin-dependent enzymes have shown homodimers, ranging in subunit size from 125 to 180 kDa [3] , which are plastid located. Isoenzymes associated with plant organs are reported [4] .
Cyanobacteria are photosynthetic prokaryotes which appear to be free-living counterparts of the plastids of higher plants. Plant photosynthetic genes have frequently been used to detect and clone their cyanobacterial counterparts by heterologous hybridization indicating both lateral gene transfer and a high degree of conservation [5, 6] . In view of the characteristics of the enzyme, glutamate synthase may represent another example of a conserved gene transferred from cyanobacteria-like organisms to plants.
Aspects of cyanobacterial metabolism and some enzymes are of a type found only in prokaryotes [7, 8] . The nitrogen assimilation enzymes appear typically prokaryotic in nature with the exception of glutamate synthase and the ferredoxin dependent nitrate reductase [2] . Hybridization with bacterial gene probes detected homologues in cyanobacterial DNA representing glutamine synthetase [9] , NADP-dependent glutamate dehydrogenase [10] , dinitrogenase [11] , and even ferredoxin-dependent nitrate reductase [2] .
E. co# gltBY, genes encoding the large and small subunits respectively of NADP-dependent glutamate synthase, have been cloned and sequenced ( [12] , M.J. McPherson and J.C. Wootton, unpublished). The genes cross-hybridize to DNA of all bacterial species tested [2, 13] therefore the cyanobacterial glutamate synthase gene may also cross-hybridize with the E. coli gene at low stringency. We report the detection of a single extensive g/tB homologue but no gltY homologue in Synechococcus PCC6301 DNA.
MATERIALS AND METHODS

Bacterial strains and plasmids
Strains of Synechococcus PCC6301 and E. coli used are listed in Table 1 .
Media and growth conditions
Growth and maintenance of E. coli has been described elsewhere [14] . Synechococcus PCC6301 was grown and maintained as described previously [10, 14] .
Isolation and analysis of DNA
Plasmid DNA was isolated from E. coli following the method of Ish-Horowicz and Burke [15] . Total genomic DNA was extracted from cyano- bacterial strains by the method of Mazur et at. [11] . DNA was further purified by fractionation on caesium chloride density gradients. Analysis of DNAs was performed by restriction endonuclease digestion, agarose gel electrophoresis, ethidium bromide staining and Southern hybridization [16] . 32p-labelled probes were constructed from isolated DNA fragments by nicktranslation and M13 subclones by primed synthesis [17] . Hybridization and washes at low stringency (55°C, 6 × SSC) were used to detect sequences with some similarity to the probe. Washes at higher stringencies, (Moderate: 55 ° C, 2 x SSC and High: 55 o C, 0.1 × SSC) were used to indicate the degree of similarity of sequences to the probe. (SSC is 0.15 M sodium chloride, 0.015 M trisodium citrate.)
Construction of probes from E. coli glt BY
E. coli g/tBY probes 0 to 3 ( Fig. 1) were constructed from restriction fragments of plasmid pGOG2 [2] . Probes 0 and 1 were constructed from fragments isolated from agarose gels by electroelution, and as subclones in M13mp8. Probes 2 and 3 ( Fig. 1) were constructed from subclones in M13mpl0.
RESULTS
Four non-overlapping probes (0 to 3) covering the E. coli gltBY locus (Fig. 1) were used to probe A B3 A significant hybridization was detected with probes 2 or 3 (data not shown). 
Southern blots of single and double digests from
Synechococcus PCC6301. Hybridization with probes 0 and 1 to BamHI, BglII, EcoRI, or HindIII digests detected large fragments (> 20 kbp) (data not shown). Double digests with EcoRI and BglII, and single digests with the pentanucleotide cutter AvaI released smaller fragments more easily detected by hybridization at low stringency (Fig. 2) . Probe 0 detected a single band in each of these digests (Fig. 2, Lanes 0, EC and 0,  A) . The non-overlapping Probe 1 detected the same bands as Probe 0 plus additional strong and weak bands (Fig. 2, Lanes 1, EG and 1, A) . No
DISCUSSION
The fact that two non-overlapping probes detected the same bands is evidence for extensive sequence similarity between the gltB gene and a single region of the Synechococcus PCC6301 genomic DNA. Hybridization was highly specific (despite the presence of 1.5 kbp of non-coding region on probe 0). No gltY homologue was detected in DNA from Synechococcus PCC6301 which may reflect the lesser coding requirement of the smaller ferredoxin-dependent enzymes (which are highly variable in size) or a greater divergence between ghY sequences.
The NADP-dependent and ferredoxin-dependent classes of glutamate synthase might share structural homology in the 2-oxoglutarate/-glutamate binding site, in the glutamine amidotransferase domain, and in the catalytic centre, but are likely to differ in electron transport components. It is therefore plausible that these two classes of glutamate synthase should be sufficiently similar over extensive regions of the sequence for the genes to show cross hybridization. From the deduced amino acid sequence of the E. gltB can be assigned as a glutamine amidotransferase domain of the same class as pufF [18] .
Although it cannot be completely ruled out that the cross hybridizing DNA of Synechococcus PCC6301 encodes a different amidotransferase, it is very unlikely because the level of sequence similarity between homologous members of the purF class is relatively low [18] . Also, the possibility of an unexpressed remnant glutamate synthase gene in Synechococcus PCC6301 is not formally excluded by our results. However, the most probable explanation of the cross hybridization observed is that the NADP-dependent and ferredoxin-dependent glutamate synthases share significant homology in most of their sequences, in spite of the different electron donors and physiological roles.
A homologue to E. coli nitrate reductase was previously detected in Synechococcus PCC6301 despite differences in electron donor and physiological roles [2] . However, a homologue to the highly conserved NADP-dependent glutamate dehydrogenase family was not detected in this cyanobacterium [10] . Since cyanobacterial and plant glutamate synthase show similar molecular characteristics, isolation and sequencing of the Synechococcus PCC6301 gltB homologue might facilitate isolation and characterization of an equivalent higher plant gene.
